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© Method of bleaching cellulose pulp with ozone. 

© The present invention relates to a method of bleaching cellulose pulp with ozone. 

Ozone bleaching has been extensively studied in laboratory and pilot scale. It has been proved that at low 
consistencies, i.e. less than 5 %. ozone dissolves well in water and thus good transfer of substance between the 
ozone and the fibers in the water is achieved. On the other hand, it has been discovered that the ozone, being a 
gaseous substance, reacts well also directly with a fiber surface which, however, presupposes that the 
consistency of the suspension is over 25 %. Further, it has been discovered that in the intermediate rang 
between said consistencies ozone cannot satisfactorily contact the fibers. However, both environmental and 
pumping factors determine the operation to be carried out at that particular intermediate consistency range of 5 
to 25 %. 

3 A characteristic feature of the method of the present invention, which avoids the disadvantages of prior art 
methods and permits operation at the consistency range of 5 to 25 %, is that cellulose pulp is pumped with a 
00 high-consistency pump to a fluidizing mixer in which Q2/O3 gas is introduced and mixed into the pulp so as to 
O generate foam in which the fibers in the pulp arid the ozone used as the bleaching agent are brought to contact 
W with each other, and that the pulp is discharged from the mixer to a reaction vessel. 
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Method of bleaching cellulose pulp with ozone 

The present invention relates to a method of bleaching cellulose pulp with ozone. 

Pulp for the paper and pulp industry must often be bleached in order to produce an end product of 
adequately high-quality. The most commonly used bleaching agents today are chlorine and oxygen. There 
is a tendency to avoid the use of chlorine or at least limit it to the minimum because of Its damage to the 
5 environment Oxygen is a good bleaching agent but its reaction selectivity is not always adequate whereby 
also other chemicals must be used. For these reasons, new bleaching agents have been sought Ozone is 
one of these. 

Ozone bleaching has been extensively studied in laboratory and pilot scale. Ozone has proved to be a 
good bleaching agent but also expensive and difficult to use as the consistency of the poulp to be bleached 
io has to be very low or very high because of the high reactivity of the ozone. For example, at low 
consistencies, i.e. below 5 %, ozone is dissolved in the water and thus good transfer of mass between th 
ozone and the fibers in the water is achieved as the ozone containing water can freely flow between th 
fibers. It has also been found out that ozone, being a gaseous substance, reacts well directly with a dry 
fiber surface which presupposes that the consistency is so high, in most cases over 30 %, that there is 
75 practically no water on the surface of the fiber or between the fibers. Now the ozone containing gas can 
freely flow between the fibers. 

On the other hand, for pumpability of the suspension, a certain amount of free water in the suspension 
must be accepted. For environmental and other reasons, it is resirable to keep this amount of water as 
small as possible. These factors define the range which is optimal for both the apparatus and th 
20 environment and lies between 5 and 25 %. However, ozone cannot contact the fibers in a satisfactory way 
In this particular consistency range as there is relatively little liquid in the suspension and it is bound in the 
spaces between the fibers and does not move freely in the suspension, and as ozone, being a gaseous 
substance, cannot move freely in the suspension because of the state of the suspension. 

The problem described above has been solved in the method of the present invention the characteriz- 
es ing features of which are disclosed by the appended patent claims. 

The invention provides a method for bleaching pulp with ozone at a consistency range of 5 to 25 %. 
According to the invention, conditions for good mass transfer are created even if gas or water cannot move 
freely in the suspension. 

The invention is described below in detail with reference to the accompanying drawing figures of which 

30 Fig. 1 illustrates a comparison of a state of the art ozone bleaching method and the ozone bleaching 

method of the present invention; 

Fig. 2 illustrates a method according to a preferred embodiment for carrying out the ozone bleaching 
process of the invention; and 

Fig. 3 illustrates another preferred embodiment of the ozone bleaching process. 

35 Figure 1 illustrates, as a function of pulp consistency, comparative reaction results of a conventional 
ozone bleaching process and an ozone bleaching process applying the method of the present invention. In 
Fig. 1, curve A illustrates a typical result from ozone bleaching by a state of the art method. Curve B 
illustrates the result achieved by ozone bleaching with the method of the invention. By conventional 
methods at low consistencies (0 to 3 %) ozone dissolves in water and when the pulp-water mixture is 

40 agitated, good transfer of substance between the ozone and the fibers Is achieved. Thus bleaching is 
effective in a dilute pulp suspension. At high conistencies (over 25 %) ozone bleaching is carried out mostly 
as gas phase bleaching. Ozone in gaseous form reacts well with a fiber surface whereby good transfer of 
substance Is gained between the ozone and the fibers. Qas moves freely between the fibers and bleaching 
proceeds well. At the consistency range of 5 to 25 %. good ozone bleching requires special measures. The 

45 reason of the poor reaction is the somewhat solid nature of the pulp suspension at these consistencies. 
Water and air cannot readily move in the half-solid pulp. As illustrated by Fig. 1, curve B, the sam 
bleaching result as by conventional bleaching is achieved at both low and high consistencies by using the 
method of the invention. 

A characteristic feature of the method of the invention is that in a pulp suspension of the consistency of 
so 5 to 25 %, conditions are created where ozone can contact the fibers. The simplest way of doing this has 
proved to be the mixing of ozone gas into the fiber suspension with an intensive high-shear mixer so as to 
generated foam consisting of wood fibers, water and Oz/Oa gas. The intense agitation required by the 
method can be generated by e.g. a fluidizing mixer disclosed in Finnish patent application no. 870747 by A. 
Ahistrom Corporation. This mixer typically brings as much mixing efficiency to a small space that fibers or 
fiber bundles move loose from each other which results in good mixing of chemicals in the fiber 
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suspension When gas is introduced to this kind of a mixing spac , foam is produced. 

Table 1 presents the water and gas amounts used when ozone bleaching is performed at th« 
consistency of JO %. When the consistency is 10 % the pulp suspension contZ one CoTfiber? £d 
nine tons of water. Approx. two tons of the water is absorbed in the walls of the fibers whS teases ab^ 

ozone gas Is 10 ^ at the most, in other words the gas mixture contains 10 kq of 0 3 and 90 to nt n „*L 
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Table 1 



/5 



1 ton fibers 

2 tons water in fibers 
7 tons free water 

1 %0 3 , 10kgO 3f 90 kg 02 

Pressure 

Water/gas ratio 



7 m 3 
70 m 3 
1 bar 

1/10 



7 m 3 
14 m 3 
5 bar 
1/2 



7 m 3 
7m 3 
10 bar 
1/1 
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intends mb»d into •» «b„ i^STtoi SlSS UHJ^ T"™ Cte ' UCal5 *" Wew 

IS™ 

where the foSned foam o ISTSi T - * ref " aCed by a p,exi 9 ,a5S »*» 

surface tension of the water ^uTpension the Z oT tr -dT * ^ mUCh ■ B00 '** to * e 

mixture looked much like a snoSStom wtarSTJ^. Z ° f 9aS ' ln SOme tests tf 19 foam ° r 

the gas there als^T w ^e^TZ ^ " ^ f,eW * * 938 like flakes j " * but in 

form a foam or mMvrel^ MsZn ? ? ** hiQh mixing int nsity is needed *> 
about 10 %. It is also clear thai sZ^ht SOmewhat . solid fiber suspension of the consistency of 

that some light ag.tat.on or Spec .al fluid conditions are needed to prevent the 
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foam or mixture from collapsing. Other tests with soap added to reduce surface tension produced more 
milk-like foams. 

The residual gas 6, 21, 22 produced by the reaction can be used in many ways. The typical ozone gas 
contains 9 parts oxygen per each part ozone. The residual gas is thus mainly oxygen as oxygen, because 
5 of its lower reactivity, does not have enough time to react The residual oxygen gas can be used in any 
other stage of the pulp production process, for example as additional chemical elsewhere in the bleaching 
plant or as combustion gas e.g. in a soda recovery boiler or in a lime sludge rebuming kiln. 

10 Example 1 

In a laboratory test, pulp was bleached with the sequence OZDED instead of the conventional OCEDED 
(0 = oxygen, Z = ozone, E - alkaline extraction, D * chlorine dioxide). All bleaching stages were 
performed at the consistency of 10%. The goal was to verify that Z can replace CE and that the Z stage 

is can be performed at the consistency of 10 %. 

With an ozone dosage of about 0.9 %, the kappa number after the oxygen stage could be reduced to 8 
- 9 in ozone stage without damaging the fibers. With a conventional CE stage, the kappa number is reduced 
to about 5 - 6 or somewhat lower than in the Z stage. However, the reduction in the Z stage is big enough 
to enable final bleaching with DEO. It is thus possible to completely replace the chlorine with ozone by 

20 using medium consistency (10 %) ozone bleaching. This is a significant Improvement as the severe 
environmental problems connected with chlorine are thus avoided. 

The ozone stage performed at the consistency of 10 % was also compared with ozone stages 
performed at the consistencies of 1 % and 30 %. It turned out that ozone bleaching performed at the 
consistencies of 1 % and 10 % gave approximately the same result This is probably due to good mass 

2$ transfer in a very dilute agitated solution and in a foam-type mixture. The bleaching performed at the 
consistency of 30 % gave somewhat worse results. This is probably due to the fact that in a pulp of the 
consistency of 30 %» there are always fairly big flakes of fibers into the inside of which the ozone cannot 
reach properly, with the result that the surface of the falkes becomes overbleached arid the inside 
unbleached. 

30 

Example 2 

A mill feasibility study was performed to evaluate the size of the machinery needed for ozone bleaching 
as at the consistencies of 1 %, 10 %. and 30 %. 

At 1 %, a reaction vessel provided with agitation and operating at 1 % fiber-water suspension was 
needed into which oxygen-ozone gas was added. A residual gas collecting system was needed as well as a 
filter machine which after the bleaching raised the consistency of 10 - 15 % before the next process step. 
At 10 %, only one mixer with high shearing capacity was needed, and a small reaction vessel with light 
40 agitation created by an agitator or flow conditions. No filter was needed but only a small gas separator 
before the next process step. 

At 30 %, a press was needed before the reaction tower to raise the consistency. Additionally, a high- 
consistency mixer was needed, and a reaction tower capable of handling solid-gas reactions and provided 
with some type of intermediate bottoms. After the reaction tower, a dilution, gas separation and dischaige 
45 system was needed. 

It was obvious that the machinery needed for bleaching at the consistency of 10 % was by far the 
cheapest and simplest. 

As can be comprehended from the above description, a new method avoiding the disadvantages of the 
prior art ozone bleaching methods has been developed. Only two preferred applications of the method have 
so been described above which in no way Intend to limit the invention from what has been presented in the 
appended patent claims which alone define the scope of protection and coverage of the invention. Thus, 
although only a few bleaching agents have been mentioned in the above examples, also the other bleaching 
stages may use an conceivable bleaching agent, e.g. chlorine, ozone, peroxid, chlorine dioxide, sodium 
hydroxide and enzymes. 

55 

Claims 
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1. A method of bleaching cellulose pulp with ozone, characterized in that the pulp Is bleached in the 
form of a foam-like mixture at the consistency range of 5 to 25 %. 

2. A method as claimed in claim 1, characterised in 

- pumping the pulp with a medium consistency pump to a fJuidizfng mixer, 
s - feeding 02/03 gas into the pulp therein, 

- bringing the ozone serving as the bleaching agent in contact with the fibers of the pulp by means of 
mixing said gas into the pulp, and 

- discharging the pulp from the mixer into a reaction vessel. 

3. A method as claimed in claim 2, characterized in 
70 - performing the bleaching in at least two steps such that 

- residual gas is removed after the previous step in a reaction vessel, and 

- additional 02/03 gas is added in the mixer prior to the later step. 

4. A method as claimed in claim 1 , characterized in that the foam is a mixture of water, fibers, and 
02/03 gas. 

75 5. A method as claimed in claim 1 , characterized in 

- mixing the 0 2 /Oa gas into the pulp by a fluidizing mixer, whereby the foam-like mixture required by the 
bleaching reactions is produced. 

) 6. A method as claimed in claim 2, characterized in 

- separating the residual gas from the pulp after at least one bleaching stage. 
20 7. A method as claimed in claim 3; characterized in 

- separating the residual gas by a gas-removirig pump used for pumping the pump for further treatment. 

8. A method as claimed in claim 7, characterized in that the head produced by the second pump is 
low or negligible and the pump Is used mainly for gas separation and the actual flow is kept up by a 
previuos pump. 

25 9. A method as claimed in claim 3 or 6, characterized in that the residual gas is fed to another stage 
of the process, e.g. to serve as additional chemical in the bleaching plant or as combustion gas in a soda 
recovery boiler or a lime sludge reburning kiln. 

10. A method as claimed in claim 7, characterized in 

- introducing the pulp to another mixer after separating the gas therefrom, 
30 - feeding 02/Oa gas into the pulp in said mixer, 

- mixing said gas with the pulp so as to produce a mixture permitting the bleaching reaction between th 
ozone and the fibers, and 

- discharging the pulp into a reaction vessel. 

11. A method as claimed in claim 1 or 10. characterized in that the bleaching stages are pressurized, 
35 pressureless or performed at underpressure. 

12. A method as claimed in claim 2, characterized in agitiating the pulp in a reaction vessel. 

) 13. A method as claimed in claim 2, characterized in that the ozone bleaching stage is part of a larger 

bleaching plant where also the other bleaching stages are performed at a consistency of 5 to 25 %. 

14. A method as claimed in claim 13, characterized in that the other bleaching stages use at least one 
40 of the following bleaching agents: chlorine, ozone, peroxid, chlorine dioxide, sodium hydroxide or enzymes. 
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© The present invention relates to a method of 
bleaching cellulose pulp with ozone. 

Ozone bleaching has been extensively studied in 
laboratory and pilot scale. It has been proved that at 
low consistencies, i.e. less than 5 %, ozone dis- 
solves well in water and thus good transfer of sub- 
stance between the ozone and the fibers in the water 
is achieved. On the other hand, it has been discov- 
ered that the ozone, being a gaseous substance, 
reacts well also directly with a fiber surface which, 
however, presupposes that the consistency of the 
suspension is over 25 %. Further, it has been dis- 
covered that in the intermediate range between said 
consistencies ozone cannot satisfactorily contact the 
fibers. However, both environmental and pumping 
factors determine the operation to be carried out at 
that particular intermediate consistency range of 5 to 
25 %. 

A characteristic feature of the method of the 
present invention, which avoids the disadvantages of 
prior art methods and permits operation at the con- 
sistency range of 5 to 25 %, is that cellulose pulp is 



pumped with a high-consistency pump to a fluidizing 
mixer In which 02/03 gas is introduced and mixed 
into the pulp so as to generate foam in which th 
fibers in the pulp and the ozone used as the bleach- 
ing agent are brought to contact with each other, and 
that the pulp is discharged from the mixer to a 
reaction vessel. 
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